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ABSTRACT
A decline in the abundance of blackback flounders, together with the withdrawal
of vessels from this fishery, has resulted in a lowered catch in recent years compared
to the peak period 1928 through 1931. Data obtained from U. S. Fish and Wildlife
Service Hatchery catch records and from fishermen's log book records show a drop in
abundance of 63 per cent from the early 1930's to the present in the Boothbay Harbor
region and of 31 to 40 per cent in the area south of Cape Cod. Information on the
early life history and distribution of young blackback flounders and the size and age
composition and distribution of fish subject to the commercial and sport fisheries
indicates that the young are the product of local spawning and that the sport and
commercial fisheries draw on a resident stock of primarily adult fish.
INTRODUCTION
The blackback flounder, Pseudopleuronectes americanus, is indigenous
to the shoal bays and estuaries of the American North Atlantic Coast
and is taken in commercial quantities from Nova Scotia to New Jersey.
It is subject to both an intensive commercial and sport fishery, par
ticularly in the area south of Cape Cod, comprising southern Massa
chusetts, Rhode Island, Connecticut, and New York,
As a result of fishermen's reports of decreasing numbers of black-
backs on important fishing grounds, an investigation was started by
the U. S. Fish and Wildlife Service in 1938. In co-operation first with
the New York State Conservation Department and later with Suffolk
County, New York, preliminary studies were made of this fishery in
New York waters (Lobell, 1939; Perlmutter, 1940). Later the inves
tigation of the fish and the fishery was extended to include the New
England areas. The incompleteness of catch records, together with
the limited facilities available for the study, prevented more than a
general survey of the present status of the blackback fishery. The
purpose of this paper is to summarize available data and to report
preliminary findings and recommendations.
THE BLACKBACK CATCH OF NEW ENGLAND AND
NEW YORK
Data on Catch and Fishing Grounds. One of the most serious draw
backs to the study of the blackback fishery is the lack of catch data
for the period previous to 1937 and the incompleteness of such data
since 1937. The only comprehensive flounder statistics available are
contained in the publications of the former U. S. Bureau of Fisheries,
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"Fishery Industries of the United States," and more recently in the
Fish and Wildlife Service publications, "Fishery Statistics of the
United States."
The publications before 1937 combined the catch of all flounder
species under the general category of "flounders," which included, in
addition to the blackback (Pseudopleuronectes americanus), mainly the
lemon sole (Pseudopleuronectes dignabilis), the gray sole (Glyptoce-
phalus cynoglossus), the dab (Hippoglossoides platessoides), the fluke
(Paralichthys dentatus), and the yellowtail (Limanda ferruginea).
Since 1937 the catch of individual flounder species has been reported
separately, with the exception of the dab and yellowtail, whose catches
were combined. However, these catch data have their limitations.
The blackback catch is credited to the various states and counties ac
cording to the landings of vessels registered in each political unit.
Nothing is shown regarding actual fishing grounds on which the fish
were caught. Subsidiary data necessary to allocate the fish to various
grounds could not be procured because facilities of the flounder inves
tigation were not extensive enough to cover the widely dispersed
blackback fishery. In recent years, however, men have been stationed
at a number of major fishing ports to interview vessels capturing all
species of fish in order to obtain among other information the location
of the grounds from which the fish were taken. This has resulted in
progressively more complete data on the catch of blackbacks by
fishing grounds.
History of the Fishery and its Relationship to Major Trends in Catch.
In view of the inadequacy of blackback catch statistics, past fluctua
tions in annual catch on the various fishing grounds could not be de
termined. However, historical data, including the available total
flounder catch records, were examined to see whether or not major
trends in the blackback catch as a whole could be detected.
The development of the blackback fishery may be pieced together
from miscellaneous information found in scientific and trade journals
and acquired verbally from fishermen. Previous to 1895 blackbacks
were taken primarily by means of fyke and trap nets, which adequately
supplied the limited market for the fish (Baird, 1873:259). Gradually
consumer demand increased, and to meet the demand more efficient
gear came into use.
One of the first major improvements in gear was the introduction of
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the beam trawl into the flounder fishery at Provincetown, Massachu
setts, around 1895 (Alexander, 1905: 291; Alexander, Moore and
Kendall, 1915: 56). Use of the beam trawl spread to other flounder
fishing localities, and by 1908, in Provincetown alone, there were 126
trawls in use (Alexander, Moore and Kendall, 1915: 56). The beam
trawl is a mobile gear, making it possible for a fisherman to actually
seek out the fish rather than depend on their erratic movements into
the fixed fykes and traps. Its main disadvantages are that it is cum
bersome, and the very nature of its construction limits the size of the
net that can be used. With the development of the otter trawl, which
offers the advantages of greater ease in handling and makes possible
the use of larger nets, the beam trawl was gradually discarded, and by
1915 the Cape Cod flounder fishery was using otter trawls exclusively
(Alexander, Moore and Kendall, 1915: 56).
During the same period there was a gradual shift from sail to gasoline
and Diesel engines as a source of motive power (Bowers, 1913: 50;
Hudson, 1918:355). Development of gas and Diesel engines and their
widespread use by flounder fishing boats increased the catch of black-
backs by making it possible to fish a greater area of fishing ground in
a given time and by decreasing the time lost in traveling to and from
the fishing grounds and because of poor weather. The increased im
portance of the blackback catch is reflected in the rise in total flounder
catch during that same period. In 1887 and 1888 the annual flounder
catch was less than 5 million pounds. By 1908 it was over 14 million
pounds, while by 1924 it was well over 30 million pounds. Accord
ing to fishermen's reports, the blackback predominated in these total
flounder catches (Table I). -
Increasing consumer demand in the boom period following World
War I, coupled with ready availability of the fish to the fishermen,
attracted boats from other fisheries (Anonymous, 1925a, 1925b). Con
sequently, by the late 1920's there was a large fleet actively engaged
in the fishery, and the catch of blackbacks reached its height, contri
buting to a large extent to the peak in the annual total flounder
catches of 49 to 56 million pounds for the period 1928 through 1931
(Table I).
By the early 1930's, blackback fishermen began to report decreasing
catches of blackbacks on important grounds. Simultaneously, an
expanding market developed for the previously little-utilized yellow-
tail flounder. This relatively virgin resource offered much larger
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catches for the same fishing effort than did blackback fishing, and
consequently many of the larger and more seaworthy blackback drag-
gers shifted to the yellowtail fishery. The withdrawal of vessels from
the blackback fleet alone resulted in a lowered blackback catch in
recent years compared to the peak period 1928 through 1931. The
decline in abundance indicated by fishermen's reports also contributed
to a lowered catch. To determine the extent of the decreased catches
on important fishing grounds reported by fishermen, available data
have been examined to obtain a measure of possible year-to-year
changes in abundance.
CHANGES IN ABUNDANCE OF BLACKBACKS IN
NEW ENGLAND AND NEW YORK
Sources of Information and Methods. As in the study of the black-
back catch, only fragmentary data were available on changes in abun
dance of fish in New England and New York. Consequently, a de
tailed analysis could not be made, but rather the information was
examined as a whole for indications of major trends. Two sources of
information were available; namely, U. S. Fish and Wildlife Service
hatchery catch records and fishermen's log book records.
In measuring the relative abundance of blackbacks, consideration
must be given to the amount of fish caught from year to year by a
standard unit of fishing effort (catch-per-unit-of-effort), to the number
of otter trawls and fykes (units-of-gear employed in the fishery), to
changes in the efficiency of the gear, and to the degree of availability
of the fish to the gear from year to year. Under conditions of fixed
gear efficiency, the catch-per-unit-of-effort is a direct measure of
availability. In addition, if the fish are equally available to the gear
from year to year, the same catch-per-unit-of-effort measures relative
abundance. An increase in the gear units employed in the fishery to
a point where they get in one another's way and interfere with normal
fishing operations on a ground (gear competition) would result in a
lower catch-per-unit-of-effort and an erroneous measure of relative
abundance.
Two different measures of catch-per-unit-of-effort have been em
ployed, namely, catch-per-fyke-net-per-fishing-season in number of
fish, and catch-per-day-per-otter-trawl in pounds of fish. Data ob
tained from the Fish and Wildlife Service hatcheries at Boothbay
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Harbor, Maine and at Woods Hole, Massachusetts, on the number of
mature females taken per fyke each fishing season, males not having
been counted, were analyzed for information on relative abundance.
Both of the above hatcheries fish with fyke nets in waters adjacent to
their location for approximately the same period each year to obtain
spawning fish for fish culture operations.
Fish and Wildlife Service Marine Hatchery Data. At Boothbay
Harbor, Maine, the number of fykes used before 1925 varied consider
ably, increasing gradually from 5 in 1909 to 88 in 1925. From 1925
to 1940 the variation decreased, the number ranging from 85 to 96.
As the fyke is a fixed gear, it can take fish only when the latter are in
the vicinity of the nets, and should they move elsewhere the nets
would not catch them. However, since hatchery operations depend
on a steady supply of spawning fish, the fyke nets are not set perma
nently on a particular ground during any season but are moved about
Table II. Total Number op Blackback Females Caught by Fyke Nets,
Number of Fyke Nets Fished, and Average Number op Females per
Fyke; Taken prom Records op the United States Fish and Wildlife















































































































































* Estimated figure was obtained by averaging the number of fykes used in the preceding
and the following year.
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to the most productive grounds within the general area. Conse
quently, since about 1925 the catch-per-fyke of females in the waters
adjacent to Boothbay Harbor is roughly indicative of blackback abun
dance in that area. In the period 1925 through 1933 the average
catch of females-per-fyke was 109 compared to an average catch of 40
females-per-fyke taken in the period 1934-1940, indicating a decided
decline in blackback abundance (Table II, Fig. 1).
Figure 1. Female blackback catch; United States Fish and Wildlife Service Hatchery,
Boothbay Harbor, Maine, 1910-1940. Total number of females caught, narrow solid bars;
number of females caught per fyke, hatched bars; number of fykea fished, wide solid bars.
At Woods Hole, Massachusetts, the same number of fykes (20) was
used each year for taking spawning stock for hatchery operation. As
at Boothbay Harbor, the effect of changes in availability of blackbacks
to the stationary fyke nets was compensated to some extent by intra-
seasonal shifts of gear to take advantage of the most productive
fishing grounds in the region.
Comparing the catch-per-fyke for the same two periods, as was done
with the Boothbay Harbor data, the following results were obtained.
In the interval 1925 through 1933 the average catch-per-fyke of females
was 108 compared to 68 in the interval 1934 to 1940, indicating a de
cline in blackback abundance (Table III, Fig. 2).
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Table III. Total Number op Blackback Females Caught by Fyke Nets
and Average Number of Females per Fyke; Taken from Records
of the United States Fish and Wildlife Service Hatchery,

















































































* Twenty fyke nets fished yearly.
3000 -
Figure 2. Female blackback catch; United States Fish and Wildlife Service Hatchery,
Wodds Hole, Massachusetts, 1919-1941. Total number of females caught, solid bars;
number of females caught per fyke, hatched bars; twenty fyke nets fished yearly. The total
catch and catch-per-fyke show the same variations, since the same amount of gear was
fished each year.
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Fishermen's Log Book Records. For Connecticut waters information
on blackback abundance is found in the log book records of a fisherman
whose activities were limited to the waters adjoining Fishers Island,
Connecticut. The catch-per-day in pounds was used as a measure of
relative abundance. In 1930 the waters fished by his boat were also
fished by a fleet of about thirteen other boats (Morrison, 1930: 16),
but by 1941 his boat was the only one actively fishing the area.
Comparing the catch-per-day for the same two periods used in
analysis of the Boothbay Harbor and Woods Hole abundance data
(within the limits of the available data), the following results were







Figure 3. Blackback otter trawl catch and catch-per-day data obtained from log book
records of a Connecticut and a New York fisherman. Spring, March through June; winter,
November through February.
catch-per-day for the interval 1930 through 1933 was 775 pounds
compared to 493 pounds in 1934 through 1940. In the winter fishery,
November through February, the average catch-per-day for the inter
val 1930 through 1933 was 535 pounds compared to 338 pounds in 1934
through 1940 (Table IV, Fig. 3). A rise in catch-per-day in the winter
seasons of 1940 and 1941 resulted from the location of a body of fish
which had accumulated undisturbed by intensive fishing operations in
a deep area of the bank. Had more than the one boat been fishing this
area at the time, it is probable that the catch-per-day would have been
lower due to gear competition. Despite the inability to obtain values
for the catch-per-day which have been adjusted for the effects of pos
sible gear competition, the above data indicate a decline in blackback
abundance in the waters adjoining Fishers Island during recent years.
Log book records of a New York blackback fisherman whose activi-
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ties were centered in the Peconic Bay—Gardiners Bay waters of Long
Island, New York, furnished additional information on blackback
abundance. Catch-per-day in pounds was used as a measure of
abundance. Once more, the same time intervals (within the limits of
the data) were compared. During the spring fishery, March through
May, in the period 1931 through 1933, the catch-per-day was 388
pounds compared to 231 pounds in 1934 through 1938. In the winter
fishery, October through February, the catch-per-day in 1931 through
1933 was 221 pounds compared to 152 pounds in 1934 through 1938
(Table V, Fig. 3). In this area also, the fishermen reported a dwindling
blackback fleet since the early 1930's. Thus, the Peconic Bay—
Gardiners Bay waters, like the others examined, show indication of a
decline in blackback abundance.
Conclusions. Since such widely separated areas as those cited above
show a decreased abundance of blackbacks from the early 1930's to
the present, it is reasonable to expect that this condition was general
along the entire New England and New York coast. The extent of
the decline in abundance is indicated by a drop of 63 per cent in the
catch-per-unit-of-effort in the Boothbay Harbor region and of 31 to
40 per cent in the area south of Cape Cod.
CURRENT DEVELOPMENTS
Detailed biological and statistical data are not available to determine
the reasons for the decline in blackback flounders during the 1925-1940
period. Consequently, further investigation of the blackback fishery
during these years was discontinued, and a study was begun of the
blackback and blackback fishery as it exists today. The ultimate
purpose of this study is to develop practical measures to insure a sus
tained maximum supply of blackback flounders. Pending additional
improvements in the collection of blackback catch data and accumula
tion of these data, effort was concentrated on the biology of the
blackback flounder.
BIOLOGY OF THE BLACKBACK FLOUNDER
The study of the biology of the blackback flounder may be divided
into three main categories: 1. The early life history and distribution
of the young; 2. The size and age composition of the stock subject to
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the commercial and sport fisheries; 3. The geographical distribution of
the blackback flounders of sizes subject to the commercial and sport
fisheries.
The Early Life History and Distribution of the Young
The early life history and distribution of the young of the blackback
flounder are fairly well known. In southern New England and New
York, spawning occurs in shoal waters of from one to three fathoms
from about mid-December through May (Bigelow and Welsh, 1925:
505; Perlmutter, 1939:21). The peak spawning period varies through
out the range of the species according to the temperature of the water
which, on the shallows of the spawning grounds, fluctuates consider
ably in relation to changes in air temperature. Unlike most com
mercial species of fish, the eggs are not buoyant but sink to the bottom
where they stick together in clusters (Breder, 1924: 311). Masses of
such eggs are often found in the commercial fyke nets set for blackback
flounders in the shoal waters along the channels of Great South Bay,
New York, together with algae and other debris which wash into the
nets, particularly after a storm.
The predominant physical forces affecting the movement of eggs
and larvae in the spawning habitat are wind and tide. However, the
distribution is relatively little affected by these forces, for the eggs are
adhesive and demersal, both they and the early pelagic larval stages
being commonly found in the protected backwaters of bays and inlets
where the effect of wind and tide are at a minimum. Consequently,
it is reasonable to conclude that the young in any one area are pri
marily the product of spawning fish in that area.
Throughout the first year of life the young blackback flounders are
mainly limited to the shoal waters along the shores of the bays and
estuaries where they are readily captured by beacn seines. As they
grow older, the fish tend to wander away from the shores into the
deeper, adjacent waters.
The Size and Age Composition of the Stock Subject to the
Commercial and Sport Fisheries
In obtaining information on the size composition of the blackback
flounder catch, particular attention was given to the more important
fishing areas in southern New England and New York, including:
Nantucket Shoals off southern Massachusetts; the region off Point
1947] Perlmutter: The Blackback Flounder 15
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Figure 4. Length composition of blackback caught off Watch Hill and Point Judith.
Rhode Island. Measurements to nearest half-centimeter. Data smoothed by a moving
average of threes.
Judith and Watch Hill, Rhode Island; Long Island Sound; and
Gardiners Bay, the Peconic Bays, Shinnecock, Moriches, and Great
South Bay on Long Island, New York.
Blackback flounders in Long Island and New York waters enter the
commercial and sport fisheries at a length of from 7 to 8 inches, de
pending on locality and season (Lobell, 1939: 78-81; Perlmutter, 1940:




































































Figure 5. Length composition of blackback caught off Nantucket Shoals, Massachusetts.
Measurements to nearest half-centimeter. Data smoothed by a moving average of threes.
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16). Many of these small fish are retained by the angler, but in com
mercial practice fish under 10 inches in length are usually thrown back,
since they are undesirable as market fish. The same general conditions
hold for southern New England waters. Length frequency samples
of the commercial catch of blackback flounders taken from May 1940
through February 1942 off Watch Hill, Rhode Island—an area fished
by both Connecticut and Rhode Island boats—showed fish entering
the catch at from about 17 to 22 centimeters. This was also true for
the region of Point Judith, Rhode Island, during approximately the
same period (Fig. 4). In the Nantucket region blackback flounders
enter the commercial catch at about 25 centimeters in length (Fig. 5).
Smaller fish are not taken, primarily because the blackback fishermen
in that area use a large mesh which permits unmarketable sizes of
flounders and "trash" fish, particularly the sculpin (Myoxocephalus
octodecimspinosus), to go through the net.
Preliminary age studies of blackback flounders in New York waters
show that fish between 8 and 10 inches long are 2 to 3 years old (Lobell,
1939: 86; Perlmutter, 1940: 16). Field observations in the New York
area indicate that fish in this size category are mostly mature. This
is in agreement with observations made by Bigelow and Welsh (1925:
505). Information on the ages of blackbacks in other areas is not
available. However, particularly in the New England area south of
Cape Cod, the environmental conditions in the blackback habitat are
comparable to those in New York waters. Consequently, the ages of
blackbacks in these waters may be expected to be similar to those in
New York waters.
In summation, it has been established that: 1. In any area the
young of the blackback flounder are mostly the product of local
spawning; 2. They remain in the shoal water near the shores of the
bays and estuaries during the first year of life; 3. As they grow older
they tend to move off into adjacent deeper water, and in the second
and third years they begin entering into the catch of the commercial
and sport fisheries.
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The Distribution of Sizes Subject to the Commercial
and Sport Fisheries
Study of Meristic Characters.1 A preliminary study of the distribu
tion of the blackback flounder of sizes subject to the commercial and
sport fisheries was made through analysis of meristic counts. The
chief purpose of this study was to determine the relationship of the
lemon sole or Georges Bank flounder, Pseudopleuronecles dignabilis
Kendall, to the blackback flounder, Pseudopleuronectes americanus
(Walbaum). Superficially, there is little difference in appearance be
tween the two fish, so little so that the trade classifies them by weight
alone. In the Boston market a fish less than three pounds is considered
a blackback, and three pounds or over a lemon sole. However, from
a comparison of the Georges Bank fish with specimens taken from Cape
Cod to Chesapeake Bay, Kendall considered the former specifically
distinct, stating "The most conspicuous differential characteristics of
this species consist of a somewhat shorter head, a larger number of
vertical fin rays, the coloration, and the large size" (Kendall, 1912:
391). His conclusion was based on a limited sample, and he considered
it possible that additional material might show a more intimate rela
tionship between the two forms than was indicated at the time. From
the point of view of the blackback fishery, the exact relationship is not
important. Of considerable importance, however, is the extent of
intermixture of these groups of fish. If there is free movement of
fish from offshore Georges Bank to inshore waters or from inshore to
offshore waters, either simultaneously or not, then blackback and
lemon sole abundance would be influenced by the magnitude of these
movements.
The principal enumeration characters used in the study of the rela
tionship of the lemon sole and blackback flounder were the dorsal,
anal and pectoral rays. In counting both the dorsal and anal rays,
the last two rays as branched from the base were counted as one. All
pectoral rays, however minute, were counted. The fish examined had
been preserved in formaldehyde and represented samples taken in
waters from Halifax Harbor, Nova Scotia, south to Wildwood, New
Jersey.
1 These data were taken from a manuscript on the variation of the meristic char
acters of fish with environment, prepared in partial fulfillment of the requirements
for the degree of Doctor of Science in the University of Michigan.
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The individual collections were grouped into the geographical areas:
North of Cape Cod, South of Cape Cod, and Georges Bank (Tables
VI, VII, VIII). The average of the counts and the standard devia
tion for each area were as follows:
A™* Dorsal Rays Anal Rays Pectoral Rays
North of Cape Cod 63.97 ±2.51 47.83 ±1.82 9.84 ± .68
South of Cape Cod 64.05 ± 2.29 47.73 ±1.88 10.08 ±.59
Northern Edge of Georges Bank 68.93 ± 2.53 51.30 ± 1.96 10.58 ± .62
These values, plus the standard error and range, are graphically
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Tabu VIII. Data on Pectoral Eat Counts fob Pseudopleuronectes Taken Nobth of
Cape Cod, South of Cape Cod, and on Georges Ban'
Locality
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In the dorsal ray character, a comparison of the rectangles from data
in the North-of-Cape-Cod area with data from the South-of-Cape-Cod
area shows a 100 per cent overlap and a critical ratio of the difference
between the means to the standard error of the difference of 0.9.
Therefore, there is little difference between the means of the two sam
ples. Comparing both the rectangles from the North-of-Cape-Cod
data and South-of-Cape-Cod data with that from Georges Bank, these
are so far separated from the latter that a highly significant difference
between their means and the Georges Bank mean is indicated.
A comparison of the rectangles representing the standard deviation
of the anal rays gives the same results obtained for the dorsal rays.
The standard deviation rectangles of the pectoral rays in the North-
of-Cape-Cod area and South-of-Cape-Cod area do not overlap, indi
cating a significant difference between the means of the two samples.
Also, the rectangles from these two areas are so far separated from the
rectangle in the Georges Bank area that a highly significant difference
between their means and the Georges Bank mean is indicated.
It is apparent, then, that there is no significant difference between
the means of the dorsal and anal ray counts of fish taken in the areas
North of Cape Cod and South of Cape Cod, but a significant difference
exists between the mean pectoral ray counts. Comparison of meristic
counts from these two areas with those from Georges Bank shows a
highly significant difference in the average dorsal, anal, and pectoral
count. The highly significant difference between the dorsal, anal,
and pectoral ray counts of the Georges Bank fish and those of the in
shore fish indicates that movement between the inshore blackback and
the offshore lemon sole cannot be extensive, since it would result in a
mixture of the meristic counts characteristic of the two areas, thus
preventing the differences actually found in these counts.
Size Composition. There are some additional data that further in
dicate a separation between the stocks. The size composition of
blackback flounders taken on Nantucket Shoals, a fishing area to the
west of Georges Bank, represents the largest blackbacks taken any
where along our coast, yet they are considerably smaller than the
general run of lemon sole taken on Georges Bank. The sizes of black-
backs caught by a commercial dragger fishing Nantucket Shoals from
March through August 1941 ranged mainly from 25 to 50 centimeters,
while lemon sole caught by a Boston beam trawler on Georges Bank
from September 1940 through June 1941 included a large percentage
of fish well over 50 centimeters (Fig. 7).
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Figure 7. Comparison of the length composition of Pseudopleuranectes caught on Nan-
tucket Shoals with those taken on Georges Bank. Measurements taken to nearest half-
centimeter. Data smoothed by a moving average of threes.
Tagging Experiments. Since the bulk of evidence indicated that
the Georges Bank lemon sole were not an integral part of the blackback
population, attention was focused on the inshore blackback popula
tion, and extensive tagging experiments were carried on to determine
the distribution of blackback flounders of sizes subject to the com
mercial and sport fisheries.
Blackbacks were first tagged in 1931 under the direction of Robert
A. Nesbit, using a modification of the Peterson bone button disc.
The tag consisted of two slightly concave celluloid discs, one white
and the other red, one-half inch in diameter with a small hole through
the center. They were attached at the nape or in the mid-dorsal
region of the body with pure nickel wire, 1.5 mm. in diameter.
Stamped on the white disc was the identification number and on the
red disc the legend, "Bureau of Fisheries, Washington, D. C. Return
Both Discs, Reward." The printing was covered with a thin layer of
transparent celluloid. The wire was inserted through the red disc,
and after punching a hole in the fish with an awl either at the nape or
mid-dorsal region the pin was inserted through the hole from the white
underside of the fish. The white disc was then strung on the wire on
the black upper side of the fish and the wire clinched. The convex
surface of each disc faced the body of the fish.
In experiments made from 1938 through 1941, the tagging technique
was modified slightly. Pure nickel pins, .5 mm. in diameter, replaced
the coarser wire. The head of the pin held the red disc in place, and
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after threading the red disc on the pin it was possible to push the pin
directly into the body without first punching a hole. The discs used
were flat on both sides.
All fish were tagged in the nape region. Only lively, uninjured fish
were tagged, and these were released as soon after they were caught
as possible.
From the inception of the marking experiments a one dollar reward
was offered for a returned tag and for certain information such as date
and locality of capture, gear used, total length and weight of fish, and
a sample of the scales taken from the region of the caudal peduncle on
the black side. Tag return cards were distributed to key fishermen,
fish dealers and wardens in blackback fishing centers, and they were
sent for future use to each fisherman that returned a tag. The full
reward was paid whether all or only a part of the information was
furnished. This was deemed necessary to prevent possible falsifica
tion of data.
In all of the experiments each fish was measured to the nearest half
centimeter by means of a measuring board. Since blackbacks are
sold whole, and since any injury to them would lower their market
value, it was not possible to determine the sex of the fish by internal
examination. In earlier experiments some attempt was made to de
termine the sexes by external examination of the white undersurface.
The white undersurface of the male, particularly in the breeding sea
son, is rough while that of the female is smooth. However, occasional
large females will be slightly rough and may be erroneously designated
as males. Consequently, there is some bias in the data on the sexes
of tagged fish in favor of the males. Fish used in the tagging experi
ments were caught by otter trawl or by fyke net, either by commercial
fishermen of by Fish and Wildlife Service personnel; they were also
representative of the actual sizes of fish subject to the fishery in the
area.
The preponderance of blackback tag experiments was carried on in
New York and Rhode Island waters, first because these waters sup
ported extensive commercial and sport fisheries, and second because
co-operative programs of investigation, including State, County, and
other Agencies interested in the blackback fishery in these areas,
facilitated the experiments. In New York the early experiments
were carried on in co-operation with the New York State Conservation
Department and later with Suffolk County. In Rhode Island the
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experiments were carried on with assistance from the Rhode Island
State Conservation Department and the Narragansett Marine Labo
ratory of Rhode Island State College. Connecticut blackback drag-
gers usually fished waters already covered by the Rhode Island and
New York tag experiments.
In addition, two experiments were carried out in Connecticut waters
in co-operation with the Connecticut State Board of Fisheries and
Game. In Massachusetts' waters two tagging experiments were con
ducted in the important blackback area south of Cape Cod, while in
Maine waters experiments were limited to Boothbay Harbor, where
adult fish from hatchery operation of the Fish and Wildlife Service
Station served as a source of supply of fish for tagging. An index to
all blackback tagging experiments carried on to date is contained in
Table X of the Appendix. Shown for each experiment are the tag
numbers used, the number of fish tagged, the dates on which tagging
was done, the locality in which the fish were released, the method by
which the tagged fish were captured, and the individuals who tagged
the fish.
To facilitate summation of the results of the blackback tagging
experiments, the waters from New Jersey north to Maine have been
divided into general areas roughly corresponding with important
centers of the blackback fishery (Fig. 8). Tagging localities—Maine
experiments excepted—have been plotted and are shown by solid
circles.
Table IX summarizes the tag returns by year and area of recovery
for each experiment and shows the extent of movement of blackbacks
from the tagging localities. Cursory examination of this table indi
cates that the greater percentage of the fish is recaptured in the area
of tagging. The data obtained from experiments carried on in the
more inshore waters, bays, and estuaries, and from the offshore waters,
such as off Brenton Reef Lightship and Dilberry Shoal, have been
independently analyzed using the following procedure.
For each experiment the area in which the fish were tagged is num
bered zero. Each of the ten biological areas used to tabulate the tag
returns was considered as an area unit. Going east from the tag area,
the area units are consecutively numbered from + 1 to + 4 and going
west from — 1 to — 4. Out of a total of 10,809 fish tagged in inshore
waters, 1,790 recoveries were reported with adequate data on area of
recapture. Of these, 93.6 per cent were recovered in the area in which
Perlmutter: The Blackback Flounder
Figure 8. Areas used in analysis of blackback tagging experiments. Solid circles indicate
tagging localities. Area 1, not shown, New Jersey Coast: Area 2, Great South Bay, Moriches
Bay, and Shinnecock Bay; Area 3, ocean off the eastern part of the south shore of Long
Island; Area 4, Long Island Sound: Area 5. Block Island Sound including the Feconlc Bays
and Gardiners Bay; Area 6, Narragansett Bay and the waters east of Point Judith to Marthas
Vineyard; Area 7, east of Marthas Vineyard, waters about Nantucket and Nantucket Shoals;
Area 8, Cape Cod Bay; Area 9, not shown, -vicinity of Cape Ann, Massachusetts; Area 10,
not shown, vicinity of Boothbay Harbor, Maine.
they were tagged and 4.9 per cent in the adjoining eastern and western
areas (Fig. 9). Similarly, out of a total of 1,854 fish tagged in more
offshore waters, 155 recoveries by area were reported, of which 72.3
per cent were taken in the tag area and 16.8 per cent in the adjoining
eastern and western areas (Fig. 10).
The increased movement shown by the fish tagged in more offshore
waters agrees with previously obtained results. In the main, these
fish represent a mixture of seasonal migrants from various bays who
move into cooler, offshore waters in the summer and return to these
bays to spawn in winter (Lobell, 1939). The return to the bays would
account for a major part of the movement.
Considering the data as a whole, it appears that the blackback
flounder population is comprised of many relatively independent,
localized stocks inhabiting the bays and estuaries along the coast.
Any movement of fish away from these areas, other than seasonal, is
not a directed migration but rather a gradual dispersion from popula
tion centers, a characteristic phenomenon with nonmigratory animals.
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MaineJohns Bay, off Hays Island
Boothbay Harbor
Massachusetts ,Waquoit Bay, near Woods Hole
Dilberry Shoal, 10 ml. SSE. of Gt.
Point Light, Nantucket
Rhode IslandNarragansett Bay, Mt. Hope Bay
Narragansett Bay, between Gould and 6/2-3/37
Prudence Islands
Narragansett Bay. off Plum Beach
Light
Narragansett Bay, Warwick Bay
Point Judith Pond, oft" Beef Island
7 ml. S. of Point Judith Breakwater
5 mi. SW. of Point Judith Breakwater 4/17/41
6 mi. SW. of Brenton Beef Lightship 4/18/41
3H mi. SW. of Brenton Reef 4/23/41lightship
Block Island, 3 mi. E8E. Clay Head 4/17/41
Watch Hill and Quonochontaug
• Percentage tag returns for the year are based on the total amount of tagged flsh still uncaught at beginning
of each year,
t Area in which tagged flsh were released.
1 \ t 3 \ iNo. % \No. % \No. % \No. %
I 1 25.0
— — 12 flOO.O — —
— — 4 100.0 — —
— — 3 100.0 — —
— — 2 100.0 — —
— — 33 UOO.O — —
— — 4 100.0 — —
— — 2 100.0 — —
— — 1 100.0 — —
— — I — — I — — I 5 100.01 — — 4
2 l.S 128 196.2 — — — — —
1 1.6 58
— — 29 96.71 — — — — —
— — 10 90.8 1 9.1 — — —
— — — — — — 1 100.0 —
— — 1 100.0 — — — — —
— — 14 193.3 1 6.7 — — —
— — 31 100.0 — — — — —
.9 16 194.1 — —
18 100.0 — —
1 50.0 1 80.0
9 1100.0 — —
8 88.9 _ _
1 25.0 — —
1 H4.3 3 -"
32 188.2 3 8.8 1g 50.0 3 25.0■_g 40.pj — —




37 1100.0 — —_____ _





1 ™ 3 t750 x 2S0 — — — — —2 20.0 3 30.0 4 40.0 — — — — —
1 H4.3 1 14.3 5 71.4 — — —
60.0' — — ' — — ) —
mercial Sport
No. %* \No. .■
2.36 1 .34 2
18 3.64 —
32 6.74 —
6.43 3 2.14 —
2.34 1 .78 —
1.61 1 .81 —











.12 }85 2.04 141 3.38
.02 50 1.24 65 1.61
02 24 .60 32 .80
.18 11 .281 .0?' ' "">
.21 19 3.85
.63 35 7.37
.77 1 .38 33 12.69
— — — 4 1.76
— — — 3 1.35
— 1 .45 1 .45
33 11.07 4 1.34 —
3 1.15 — — —
2 .78 — — —
1 .39 — — —
17 6.03 — —
9 3.41 8 3.03
1 .41 — —
13 4.66 42 15.05 1 .36 56 20.07
3 1.35 11 4.93 — — 14 6.28
' 1.91 6 2.87 — — 10 4.78
— 3 1.51 1 .50 4 2.01
— — 1 .51 — — 1 .51
— — 1 .51 1 .52 2 1.03
11 2.72 — — —
8 2.04 1 .25 —
— — 4 1.04 —
" 2.21 2 .74 —
1.52 — — 1
.A deludes recoveries by Fish and Wildlife Service Hatchery?Sl2_f^ ?°m f?kes M *«0~j 1931- S1 released. 7 dead;* ""leased. 1 dead: 1936, 1 released.
i 5.22 — — 1 .87 7 6.09
— — — 1 .93 1 .93
— 37 12.05 1 .32 — — 38 12.38
14 5.20 1 .37 — — 15 5.57— 6 2.361 — — — — 6 2.36
f fykes; flsh found dead in fykes and flsh recaptured





3 10.71 — — — — 3 10.71! 8.00 — — — — I 2 8.00
— 1 .43 5 2.13
— 3 1.30 13 5.65
— 37 12.41
— 3 1.15
1 .35 18 6.38
1 .38 18 6.82
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Long Island Sound, Huntington
Harbor
L. I. Sound, off Port Jefferson
L. I. Sound, off Matinicock Pt.
L. I. Sound, off Matinicock Pt.
Gardiners Bay off "Fort"
Great Peconic Bay, Flanders Bay to
Robins Island
Shinnecock Bay. just East of
Shinnecock Canal
Great South Bay, West Channel
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Table IX. Blackback Taooino Experiments. Summary of Tao Returns bt Areas (Cont.)
Area
























































































































































































































































































* Percentage tag returns for the year are based on the total amount of tagged fish still uncaught at beginning ;
of each year. j
t Area in which tagged fish were released.
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Figure 9 Percentage of blackback flounders from inshore tagging experiments recovered
in the tog area and to areas west and east of the tag area; 10,809 fish tagged. 1.790 recaptures
reported with data on area of recapture. Includes experiments 1. 2. 3. 7, 8. 9.10.11.16.17.
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Figure 10. Percentage of blackback flounders from offshore tagging experiments recovered
in the tag area and in areas west and east of the tag area; 1,884 fish tagged, 155 recaptures
reported with data on area of recapture. Includes experiments 4, S, 6, 12, 13, 14, and 15.
See Table X.
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MANAGEMENT POSSIBILITIES
Since young blackback flounders are the product of local spawning
and since the stocks of adult fish drawn upon by the sport and com
mercial fisheries remain highly localized, it follows that each of these
resident stocks offers the same management possibilities to near-by
communities as do clam, oyster and scallop resources. To get the most
out of such a natural community resource, certain basic statistical and
biological information is essential, including: 1. The annual drain on
the flounder population (total catch); 2. The effect of this drain upon
the relative size of the population (catch-per-unit-of-effort); 3. The
annual recruitment (obtained from the age composition of the stock
and the catch-per-unit-of-effort).
Such information can be obtained through well planned tagging
experiments, by collection of complete statistics on the total catch and
effort expended, and by supporting biological data such as age com
position of the stock, growth, and length-weight relationship. With
these data as a foundation, it would be possible to determine the
maximum amount of fish that could be removed each year from a local
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APPENDIX
Length and Sex of Tagged Fish
Following is a summary of lengths and sexes of tagged fish, Appendix
Table XI. A measuring board was used to obtain the length of the
fish to the longest median ray. All fish were measured to the nearest
half-centimeter. Sex was determined by external examination. In
general, the white undersurface scales were strongly ctenoid in the
males and weakly ctenoid in the females. Consequently, fish with a
"rough" undersurface were classified as males and with a "smooth"
undersurface as females. Occasional large females would have a
slightly rough undersurface and might be mistakenly classified as
males, so that there is some bias in the data in favor of the males.
Individual Tag Experiments
Data for Individual Fish. Tables XII to XXXVII show individual
recoveries of fish for each tagging experiment. Recorded are the tag
number of each fish recovered, the date tagged, the date recovered,
length when tagged, the area in which the tagged fish was recovered,
and the gear by which it was recaptured. The symbol H is used to
designate the recapture of the fish in the same area in which it was
tagged. Where the gear used in the recapture is not known, the sym
bol U for unclassified is used. The symbol C is used to designate re
turns by the commercial fishery and S by the sport fishery. Where
there was more detailed information on the type of commercial gear
used in taking recaptured fish, this is indicated by the symbols COTy
otter trawl; CF, fyke net; CT, trap; and CHS, haul seine.
Summary Data for Each Experiment Tables XXXVIII to LXIII
summarize the returns in the individual tag experiments by months
and years and by commercial, sport, and unclassified gear, and include
revised figures for previously published data (Lobell, 1939; Perlmutter,
1940), as well as for unpublished data. The tag returns by gear indi
cate the relative importance of the blackback sport and commercial
fisheries in the various areas. The percentage tag returns for the year,
which are based on the total number of tagged fish still uncaught at
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* See Table X for locality released and number of fish tagged,
t Abbreviations: M—males; F—females; U—unsexed; T—Total
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Table XVI. Recoveries from Blackback Tagging Experiments: Rhode Island,






















































































































♦ Fish captured by otter trawl 3H miles SW. of Brenton Reef lightship, April 23, 1941,
and released there on that date. Tags A4232-A4468; one-half inch celluloid discs, pure
nickel pins. 235 fish tagged by A. Perlmutter.
t Symbol H signifies that the fish was recovered in the region extending from off Pt.
Judith eastward to Marthas Vineyard; Area 6 in Fig. 8.
t C, commercial catch; COT, commercial otter trawl; U, unclassified catch.
Table XVII. Recoveries from Blackback Tagging Experiments: Rhode Island,



















































* Fish captured by otter trawl 6 miles SW. of Brenton Reef Lightship, April 18, 1941, and
released there on that date. Tags A3691-A3718; one-half inch celluloid discs, pure nickel
pins. 28 fish tagged by A. Perlmutter.
t Symbol H signifies that the fish was recovered in the region extending from off Pt. Judith
eastward to Marthas Vineyard; Area 6 in Fig. 8.
X COT, commercial otter trawl.
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Table XIX. Recoveries fbom Blagkback Tagging Experiments: Rhode Island,
















































































































♦ Pish captured by otter trawl in Narragansett Bay, Mt. Hope Bay, from mouth of Coles
River to Spar Island, May 25, 1937, and released there on that date. Tags 10500-10639;
one-half inch celluloid discs. 140 fish tagged by R. E. Sutcliffe.
t Symbol H signifies that the fish was recovered in the region extending from off Point
Judith eastward to Marthas Vineyard; Area 6 in Fig. 8.
% C. commercial catch; S, sport catch; COT, commercial otter trawl.
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Table XXIII. Recoveries fbom Blackback Tagging Experiments: Rhode Island,
















































































































































♦ Fish captured by otter trawl 7 miles S. of Point Judith Breakwater, August 22. 1940.
and released there on that date. Tags A2394-A2499. A3001-A3300; one-half inch celluloid
discs, pure nickel pins. 404 fish tagged by A. Perlmutter.
f Symbol H signifies that the fish was recovered in the region including the Peconic Bays.
Gardiners Bay, and Block Island Sound; Area 5 in Fig. 8.























Recoveries fbom Blackback Tagging Experiments:







































































* Fish caught by otter trawl 5 miles SW. of Point Judith Breakwater, April 17. 1941, and
released there on that date. Tags A3579-A3690, A4010-A4168; one-half inch celluloid
discs, pure nickel pins. 271 fish tagged by A. Perlmutter.
f Symbol H signifies that the fish was recovered in the region Including the Peconic Bays
Gardiners Bay, and Block Island Sound; Area 5 in Fig. 8.
X C, commercial catch; S, sport catch; COT, commercial otter trawl; U, unclassified catch
56 Bulletin of the Bingham Oceanographic Collection [XI: 2
































































* Fish captured by otter trawl 2-3 miles ESE. of Clay Head, Block Island, April 17, 1941,
and released there on that date. Tags A3464-A3578; one-half inch celluloid discs, pure
nickel pins. 115 fish tagged by A. Perlmutter.
t Symbol H signifies that the fish was recovered in the region including the Peconic Bays,
Gardiners Bay and Block Island Sound; Area 5 in Fig. 8.
X COT, commercial otter trawl; U, unclassified catch.
Table XXVI. Recoveries from Blackback Tagging Experiments: Rhode Island,
























































































































































































♦ Fish captured by otter trawl in the area between Watch Hill and Quonochontaug, R. I.,
May 8, 1940, and released there on that date. Tags A1701-A2008; one-half inch celluloid
discs, pure nickel pins. 307 fish tagged by A. Perlmutter.
t Symbol H signifies that the fish was recovered in the i
~ardiners Bay and Block Island Sound; Area 5 in Fig. 8.
X S, sport catch; COT, commercial otter trawl.
1947] Perlmutter: The Blackback Flounder 57
































































































































































































* Fish captured by otter trawl for Noank hatchery use. Released from hatchery dock,
after being spawned out at hatchery, on April 4, April 24, and April 30, 1938. Tags 14100-
14342; one-half inch celluloid discs, pure nickel pins. 241 fish tagged by M. J. Lobell and
W. Palmer.
t Symbol H signifies that the fish was recovered in the region including the Peconic Bays,
Gardiners Bay, and Block Island Sound; Area 5 in Fig. 8.
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♦ Fish captured by otter trawl off Port Jefferson, middle Long Island Sound, April 11,1938,
and released there on that date. Tags 11900-12434; one-half inch celluloid discs, pure nickel
pins. 532 fish tagged by W. C. Neville.
t Symbol H signifies that the fish was recovered in Long Island Sound; Area 4 in Fig. 8.
% C, commercial catch; S, sport catch; COT, commercial otter trawl; U, unclassified catch.
1947] Perlmutter: The Blackback Flounder 61
Table XXX. : Naw Yobk.
Tag Date of Length Area of GeartNo. Recovery When Recovery!
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1938, and released tLoio uu
nickel pins. 68 fish tagged by W C Neville ' ""** *"w W11U1UAU <uscs, pur\ IfgSt^&meS *** thG ** wi8 recovered to Long Island Sound; Area 4 in Fig. 8.





































































































































































































































































































































































































































































































































































































































































♦ Fish captured by otter trawl off Matinicock Point, western Long Island Sound, April 19.
1941, and released there on that date. Tags A3719-A3800, A4169-A4231; one-half inch
celluloid discs, pure nickel pins. 143 fish tagged by A. Perlmutter.
t Symbol H signifies that the fish was recovered in Long Island Sound; Area 4 in Fig. 8.
X C, commercial catch; S, sport catch; U, unclassified catch; COT, commercial otter trawl.
1947] Perlmutter: The Blackback Flounder 63

























































































































































































































































































































































































































































































* Fish captured by otter trawl off the "Fort," Gardiners Bay, June 2. 1938, and released
on that date. Tags 12435-12920; one-half inch celluloid discs, pure nickel pins. 480 fish
tagged by W. O. Neville and Alfred Perlmutter.
f Symbol H signifies that the fish was recovered in the region including the Peconic Bays,
Gardiners Bay, and Block Island Sound; Area 5 in Fig. 8.
X C. commercial catch; S, sport catch; U, unclassified catch; CF, commercial fyke net;
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